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AHoTHACT 


T1i.1,3  repor-t  deycrlbea  ineafJureiiienLs  of  the  changes 
In  amplitude  of  regular-  liead  and  l’ollov;lng  waves  as  they 
passed  along  the  length  ol‘  a  ship  model  for  model  speeds 
zero,  Froude  number  0.1,  and  Froude  number  O.-J. 

In  head  seas  the  height  ol‘  the  Incident  wave 
diminished  by  some  20'/v  to  ^10/^  as  It  passed  along  the  length 
of  the  fully  restrained  model  from  bow  to  stern.  In  follow¬ 
ing  seas  the  wave  diminished  by  some  from  stern  to  bow 

when  the  ship  speed  v/as  less  than  the  wave  group  velocity, 
and  from  bow  to  stern  when  the  ship  speed  was  greater  than 
the  wave  group  velocity. 

These  experimental  results  are  generally  in  fair 
agreement  with  Gj-lm’s  theoretical  predictions.  However,  at 
forward  speeds  in  head  seas,  there  are  local  variations  of 
wave  height  near  the  bow  v/hich  are  not  predicted  by  the 
theory . 
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lUTi^ODIICTIOM 


ThankiJ  '.o  r-ocenl  wofk  ol‘  Gi’Lm,  Tayai,  Porlcr,  and 
oLhei's,  cony  I  (lei'ab  l.e  prof/royy  hay  been  made  in  the  thooreil  cal 
calculation  of  hydnodynaiiil c  foi-cey  on  two-dinieny ional  forins 
whicli  are  expoyed  to  waves  or  ai'e  oscillating  in  calm  water. 
Moreover,  expeivimental  conrirmation  of  some  of  tliese  rcsuity 
has  been  obtained. 

The  pr-obiem  pi'esented  by  a  ship  in  longitudinal 
waves  involves  two  additional  complications:  tlie  effects  of 
the  three-dimensional  form  and  the  effects  ol’  the  forward 
speed  of  the  sliip.  In  ]960  Grim  published  a  paper^  showing 
how  the  three-dimensional  effect  might  be  calculated  for  a 
ship  at  zero  speed.  In  a  more  recent  paper^  he  has  discussed 
the  physical  behavior  of  the  wave  system  v/hich  underlies  this 
mathematical  treatment,  and  has  taken  the  first  step  toward 
extending  the  work  to  the  case  of  a  ship  with  forward  speed. 

The  essential  feature  of  this  latter  paper  is  a 
discussion  of  the  way  in  v/hich  the  height  of  the  incident 
wave  is  diminished  during  its  passage  along  the  ship. 

Numerical  results  are  given,  both  for  the  stationary  ship 
and  for  the  ship  with  forward  speeds.  The  experiments  in 
head  and  following  seas,  described  in  the  present  report, 
were  intended  to  verify  this  calculated  variation  of  the  wave 
height  as  the  wave  travels  along  the  ship. 

This  study  was  sponsored  by  the  Bureau  of  Ships 
Fundamental  Hydromechanics  Research  Program  and  technically 
administered  by  the  David  Taylor  Model  Basin  under  Contract 
Nonr  263  ( 5^) j  Research  Program  S-ROO9-OI-OI  ( DL  Project 

2698/058)  . 
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APPAKATu;;  AM!)  'i’i-:::'!'  ppoceuuhk 


Mode  1 

A  v/oodeii  model  (  DP  Model  pOdij)  wafj  conoLrucPed  ol' 
Uie  foi’iii  Klven  In  Orlm'o  19^jO  paper,*  for  wlilrh  Dorm  theo¬ 
retical  reaulta  are  available.  The  form  waa  delMned  by  Grim 
as  l‘o Plows 

Penr.th/Majt  Dearn  =  o.^l  McL>:  ]3eam/l)i‘al’t  =  P.8 

Dectlon  Coel’l'le lent  =  0.9  (dame  I'or  all  sections) 


Station  I  357  911  13  15  17  19 

Section  Beam/Hax  Beam  .33  -7  .9  .99  I .0  1.0  .99  .9  .7  .33 

Offsets  were  computed  on  the  IBM  162O  for  the 
appropriate  Lewis  form  sections,  and  the  body  plan  is  shown 
in  Fig.  1.  The  model  had  the  following  dimensions 


Length 

Beam 

Draft 

Freeboard 


60  in. 

9.38  in. 

3.39  in. 
4.0  in. 


The  sides  were  vertical  above  the  water  line. 


Test  Arrangement 

A  photograph  of  the  test  setup  appears  as  Fig.  2. 

The  tests  were  carried  out  in  Davidson  Laboratory 
Tank  No.  2,  which  is  75  ft  square.  The  movable  bridge 
carrying  the  rail  and  carriage  was  set  up  with  the  direction 
of  motion  of  the  carriage  parallel  to  that  of  the  waves. 

Thus  tests  in  head  and  following  seas  could  be  undertaken. 

As  the  model  was  20  ft  from  the  nearest  side-wall  of  the 
tank,  effects  due  to  reflection  of  waves  generated  by  the 
model  from  the  side  of  the  tank  were  minimized. 
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The  iiioilei  wa:j  ivlgidly  uttacheii  lo  Lhe  carriage  by 
a  strut.  The  carriage  also  carried  a  number  of  wave  probes, 
disposed  in  a  line  parallel  to  the  l‘oi*e-and-art  axis  of  ihe 
model.  One  wave  probe  was  located  amidsliips,  1  in.  (later 
Increased  to  2  in.)  1‘rom  tlie  side  of  tlie  model.  Other  wave 
probes  were  abreast  the  quai'ter  points,  abreast  tlie  bow  and 
stern,  2  ft  aliead  oV  the  bow,  and,  in  some  I’uns,  2  I't  abaft 
the  stern.  The  heights  Indicated  by  tlie  several  wave  probes 
were  recorded  simultaneously  on  a  multichannel  hanborn  re¬ 
cording  system. 

VJave  Measurement 

Tile  fore-and-aft  locations  of  the  wave  probes  are 
shovm  in  the  plan  in  Fig.  .  Mome  changes  of  position  were 
made  in  the  course  of  the  trial,  to  minimize  interference  of 
the  ship-wave  system  with  measurement  of  the  incident  waves. 

The  requirement  for  wave  measurement  at  several 
points  near  the  model  raised  certain  problems.  In  the  first 
place,  the  wave  probes  of  the  resistance  type  normally  used 
at  this  laboratory  Interfere  with  each  other’s  readings  when 
less  than  some  2  ft  apart.  A  special  v;ave  probe  was  there¬ 
fore  designed,  in  which  tv/o  vertical  stainless-steel  wires 
.01  in.  in  diameter  penetrating  the  v/ater  surface  are 
supported  l/2  in.  apart.  The  electrical  resistance  of  the 
water  between  these  wires  was  measured  by  an  A.C.  bridge 
system.  This  arrangement  gave  deflections  of  the  Sanborn 
recording  galvanometers  linearly  proportional  to  wave  height, 
and  the  probes  showed  no  Interaction  when  only  6  in.  apart. 
The  wave  probes  can  be  seen  in  Fig.  2,  and  details  of  the 
bridge  circuit  are  given  in  Fig.  3. 

Another  problem  arising  from  the  use  of  several 
wave  probes  was  that  the  supports  for  the  wave  probes  might 
make  a  wake  which  would  lead  to  incorrect  measurement  of  the 
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wave;j  by  wave  probea  rarliier  al'l.  For  lliJa  roaauii  llie  wave- 
probo  supporla  were  iiuule  aa  ainall  aa  poaaible,  aivJ,  l.ti  rack, 
each  conaiakotl  ol‘  kwo  curved  akaln  1  eaa- akeei  wlrea  .OG  in. 
in  dlameker,  which  may  be  aeeii  In  Flf-’;.  2. 

.jlnce  Ik  waa  eaaenkl.al  In  khla  projeck  khak  khe 
wave-probe  callbrakiona  be  i-eJIable,  apecial  caJ  ,1  brak  l.ng 
arrangemenka  were  provided.  All  the  wave  probca  were  inounked 
on  an  aluminum  T-bar,  which  waa  auapended  I'rom  khe  main 
carriage  In  auch  a  way  ihal  P  rould  i)e  ralaed  and  lowered  by 
khe  rot  a' Ion  c'f  aci’owed  i-oda  near  each  end.  'i’heae  rods  were 
rokaked  by  a  reversible  D.C.  mokor,  Ihrouidi  a  horizontal 
shark  and  bevel  geai-a.  A  relayn  driven  from  khe  ahal’k  drove 
anokher  Selsyn  ashore, ihe  lakker  coupled  ko  a  counker  which 
indicaked  khe  verkical  movement,  of  khe  wave  probes  ko  bekker 
khan  .01  in.  This  calibi-aklng  syskem  proved  exkremely  con- 
venlenk  and  khe  wave-probe  calibrakions  were  usually  kaken 
bekween  each  run  and  khe  nexk. 

In  practice,  khe  calibrakions  were  found  ko  be  quike 
skable  and  showed  no  kendency  ko  di’ifk  once  khe  eleckronlc 
system  had  thoroughly  war-med  up.  Repeat  calibrations  showed 
a  scatter  of  about  ±  2'Jv,  which  corresponded  to  about  ±  l/2  mm 
on  the  record  and  could  be  largely  due  ko  reading  errors. 

A  recent  investigaklon  at  Massachusetts  Institute 
of  Technology  has  shown  that  wave  probes  of  the  type  used  in 
the  present  work  can  be  expected  not  ko  introduce  errors 
greater  than  ifo  to  2%  in  the  measurement  of  the  waves  which 
affect  them.  However,  it  appears  from  the  scatter  of  results 
observed  in  some  of  the  present  experiments  that  the  wave 
height  at  a  given  locality  may  vary  by  as  much  as  10;^  between 
one  run  and  another  in  nominally  similar  conditions.  In 
general,  the  trend  of  the  present  results  is  believed  to  be 
correct  within  a  few  percent,  except  In  cases  where  much 
scatter  Is  shown. 
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Te:jl  Cotullllon.'j 


Tlie  ner'ie;j  of  Icijln  covered  Lhe 


I'o  1  low  1  (Ig 


conditions: 


V/ave  Lengtli/.Ship 

hcngth 

.70,  1.0,  1.0, 

V/ave  ilcight/.lliip 

l.ength 

l/'io 

.“.pecd.s 

Zero 

F  0.1  and  F  = 

In  Head  and 

Following  feas 


ilEnULT.' 


Tlie  test  results  are  shown  In  Figs.  h-10.  An  ex¬ 
planation  of  these  figures  is  given  below  the  presennation 
of  Fig.  Aa. 

In  all  cases  the  ordinate  plotted  represents  the 
observed  wave  double  amplitude  divided  by  the  height  of  the 
undisturbed  incident  wave.  Since  the  wave  probes  moved  with 
the  model,  the  wave  system  due  to  the  speed  of  the  model 
caused  a  constant  displacement  of  the  wave  record,  which  was 
disregarded. 

It  was  found  that  at  zero  speed,  and  in  head  seas 
at  F  =  0.1  (1.23  ft/sec),  the  wave  height  at  the  wave  probe 
2  ft  ahead  of  the  model  sometimes  showed  considerable  dif¬ 
ferences  from  the  nominal  wave  height.  Thus  It  was  apparent 
that  at  these  speeds  the  wave  height  at  this  point  was  In¬ 
fluenced  by  the  model.  Therefore,  the  wave  height  observed 
ahead  of  the  model  at  the  highest  speed,  P  =  0.3  (3*85  ft/sec), 
was  taken  as  the  height  of  the  undisturbed  wave  for  all  runs 
at  a  given  wave-maker  setting. 

In  following  seas  at  both  speeds  (f  =  0.1  and 
P  =  0.3)  all  the  wave  probes  were  more  or  less  affected  by 
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the  presence  oV  liie  inouel,  an<i  ruiia  at  K  -  U.  •  al  i  he  name 
wave-maker  aelllng  but  In  the  hea'i-aea  a  1  reu 1 1  on  v/ere  uaed 
to  detci'inUie  the  imdlaLui-bed  wave  holglit. 

i''or  comparlaon  wlidi  the  experimental  reanlta, 
tlieoretieal  curvea  calculated  by  the  methoda  given  by  Grim 
are  plotted  in  thoae  caaea  Coi-  which  the  neceaaary  compula- 
tiona  have  been  pei-roi-med.  'I'wo  tlieoretieal  curvea  are  ahown, 
when  the  <-omputed  valuea  are  available. 

'I’he  curve  marked  11.,  i-epreaenta  t  he  t.hi*ee-d  Imena  lonai 
effect;  that,  la,  the  del’ormatlon  oi‘  the  Incoming  wave  In  a 
longitudinal  dlr-ection.  Grim  denotea  If,  aa  the  effective 
wave;  it  ahowa  the  cfl'ect  of  adjacent  acctlona  of  the  ahip 
on  the  wave  height  at  a  given  aection. 

In  addition  to  thla  longitudinal  deformation,  a 
deformat  ion  in  a  transverse  dli’ection  also  takes  place,  since 
the  wave  height  at  a  given  section  is  influenced  by  the 
presence  of  that  section  of  the  ship.  To  a  first  approxi¬ 
mation,  this  effect  is  the  same  as  in  a  two-dimensional  case. 
It  Is  taken  into  account  in  ship-motion  computations  using  a 
strip  theory  such  as  that  of  Korvin-Kroukovsky . 

The  two  effects,  longitudinal  and  transverse  de¬ 
formations,  are  combined  in  the  curves  marked  H23,  and  it  is 
these  curves  which  are  directly  comparable  with  the  experi¬ 
mental  results,  since  the  latter  also  Include  both  longi¬ 
tudinal  and  transverse  deformations. 

The  curves  Hg  and  (plotted  in  Pigs,  5-10)  have 
been  derived  from  various  sources: 

For  zero  speed,  Hg  is  taken  from  Ref.  1.  The  trans¬ 
verse  deformation  Hg  was  calculated  by  the  two-dimen¬ 
sional  theory  outlined  by  Grim  in  Ref.  1.  H23  is  the 

product  of  Hg  and  Hg. 
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For  Liio  heau-ijea  caaea,  waa  compuleil  uaini^  a  pro¬ 
gram  wriLleti  by  Di-.  Oi-lm.  The  Iratiavorae  dcl’orinal  ion 
wa;j  again  compuied  by  Grlm'a  lv.'o-dimon3 ional  theoi-y 
and  waa  combined  v/l,lh  ib,,  v/llli  duo  i-egai’d  for  phaaea. 

For  the  fol i owing- aea  caaea,  !I.,  waa  obtained  from 
Hef.  2.  Unl'ortunately,  it  haa  not  been  poaalbic  to 
compute  the  combined  ofl’ect  H.,.,  for  theae  caaea. 

It  may  be  noted  that,  in  .Hef.  2  Oidiii  deaci’ibea  th.c 
roauita  there  given  aa  a  l‘ii-at  rough  riuant Ltat ive  approxima¬ 
tion.  It  ia  underatood  tiiat  !)r.  Grim  ia  at  preaent  working 
on  anotlier  and,  it  ia  hoped,  Ijctler  approximation  for  the 
three-dimenaionai  body . 


Di.dcu:;;iioM  of  HE3Ui,T.d 

At  zero  apeccl  the  height  of  the  wave  decreased 
fairly  steadily  as  it  passed  along  the  ship,  and  the  measured 
wave  deformation  v/as  genei'ally  in  good  agreement  with  the 
theoretical  values  given  by  Grim.  There  appeared  to  be  a 
tendency  for  the  wave  heights  near  the  steim.  of  the  model  to 
be  somewhat  greater  than  predicted.  Tills  is  hardly  more  than 
could  be  accounted  for  by  experimental  scatter,  except  for 

x/l  =  .75. 

For  the  cases  where  the  model  is  moving,  theoretical 
results  are,  unfortunately,  available  only  for  X/l  =  1. 

In  head  seas,  at  the  lower  speed  P  =  0.1,  the  de¬ 
crease  of  wave  height  over  the  middle  half  of  the  model 
length  is  in  good  agreement  with  theory.  Near  the  bow  there 
is  a  considerable  Increase  of  wave  height  above  the  level  of 
the  incident  wave,  which  is  not  predicted  by  theory.  This  is 
further  discussed  below. 
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hi  Lilo  iiigher  ijpeed  !■’  =  0.  5,  iheory  Indlcale.'j  an 
Increaae  ol‘  wave  helglit  over  alinonl  ihe  whole  length  of  the 
ship.  The  roi’iii  ol'  the  theoretical  curve  la  not  In  agreement 
with  experiment,  which  allowed  a  conalderably  Increaaed  wave 
height  near*  the  bow,  falling  abiniptly  to  i-atlier  loaa  than  tiie 
height  of  the  Incident  wave  at  and  abal’t  amldahlpa. 

At  both  apeeda,  rapid  varlatlona  oi’  height  appeared 
to  occur  aa  the  wave  paaaed  the  forwai’d  part  of  the  alilp.  At 
tlie  liigher  speed  a  crest  of  bi-oken  water  was  thrown  off  from 
the  bow  and  moved  fore  and  aft  with  the  period  of  the  In¬ 
cident  wave.  V/lien  it  reached  tiie  wave  probe  at  the  same  time 
as  the  crest  of  the  incident  wave,  it  seemed  i'rom  visual  ob¬ 
servation  that  the  wave  height  might  be  conaiderably  over¬ 
estimated.  The  wave  probe  originally  at  station  1  was  there¬ 
fore  moved  forward  3  in.  to  abreast  the  stem. 

The  presence  of  broken  water  at  the  wave  pr-obe  was 
indicated  by  noise  on  the  record,  and  subsequent  examination 
showed  that  before  moving  the  wave  probe  there  was  broken 
water  at  the  wave  probe  at  both  crest  and  trough  for  F  =  0.3^ 
x/l  =  2.  Moving  the  probe  forward  and  out  of  the  broken 
water  Increased  the  apparent  wave  height  by  some  20%.  Later 
the  line  of  wave  probes  was  moved  1  in.  farther  from  the 
center  line  of  the  model.  The  combined  forward  and  lateral 
movement  of  the  wave  probe  at  the  bow  led  to  a  20%>  reduction 
in  apparent  wave  height  for  P  =  0.1,  X/l  =  1,  and  a  10^  re¬ 
duction  for  P  =  0,3)  x/l  =  1. 

Thus  it  appeared  that  abreast  the  bow  there  may  be 
abrupt  changes  in  the  apparent  wave  height,  since  changes  of 
10^  to  20^  were  observed  consequent  upon  moving  the  wave 
probe  3  in.  Such  changes  could  be  due  to  model-generated 
waves  of  short  wavelength  oscillating  fore  and  aft  with  the 
period  of  the  incident  wave.  (The  photograph  in  Pig.  2b 
shows  various  irregularities  of  the  wave  system.)  Further, 
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io  ,1  ;j  j)o;j;jlblL‘  liiai  non  1  liifur  Inluraclion  bt-Lvajon  Ibu  .■ib.lp 
wave  an  i  IndcienL  wave  may  ac'-ounl  I'oi’  varladon;!  1:'.  ohe 
apparent  ampliiudo  ol’  the  latter. 

At  ]•'  -  0.1,  a  m?.e*:!imnii  value  ol'  wave  amplitude  waa 
obaerved  abreaat  the  bow,  exeoi)t  I'oi-  x/h  -  >/'i,  when  there 
waa  a  minimum  abreaat  the  bow  and  a  maximum  at.  l/'i  1,  abal’t 
the  bow.  At  !•’  -  0. -l,  all  waveleiu/tha  ahowed  a  iiun'ilmum  wave 
amplitude  l/t)  l,  abal’t  t.he  'now.  Howovei-,  In  the  1  U-pit  of  the 
larf:';o  effecta  I’oau  1 1.  Inp,  fi-om  amal!  movement. a  of  t,iio  bow 
wave-probe,  'liei-e  la  aome  (nieat.  Ion  whether  t.hc  valuca 
meaaured  wlt.hln  l/'i  1,  abaft  tlie  bow  mh^ht  not,  have  been 
clianged  very  eona  Iderab  ly  by  amall  movement. a  of  the  wave 
probea.  The  valuca  meaaui’cd  In  thla  region  muat  be  viewed 
with  aome  auaplclon.  To  rlai-ll'y  thla  queatlon.  It  would  be 
desirable  to  perform  further  cxperimcnta,  with  different 
wave-probe  iocationa.  It  would  also  be  moat  desirable  to 
take  movies,  in  order  to  obtain  a  visual  impression  of  the 
behavior  of  the  waves. 


A  factor  whicii  may  inl'luence  the  behavior  of  the 
waves  near  the  bow  is  that  tlie  model  used  for  these  tests  was 
designed  with  mathematical  calculations  of  wave  deformation 
in  view,  and  with  little  consideration  of  resistance  or  wave- 
making.  The  half-angle  of  entrance  was  33  deg  and  the  bow 
wave  was  larger  than  would  be  generated  by  a  finer  form. 
Another  consideration  is  that  a  real  ship  is  free  to  move 
with  the  waves,  whereas  the  present  tests  were  made  with  a 
restrained  model.  Thus  the  changes  of  wave  height  near  the 
bow  may  well  be  less  under  realistic  ship  conditions  than  In 
the  present  tests.  However,  until  the  matter  has  been  fur¬ 
ther  Investigated,  It  seems  desirable  to  bear  In  mind  the 
possibility  that  considerable  changes  of  wave  height  may 
occur  near  the  bow  of  a  ship  moving  into  a  head  sea.  Such 
changes  might  seriously  affect  the  accuracy  of  a  ship-borne 
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In  fol  lowing  nean,  at  the  lowei*  apood  V  ~  0.1,  the 
ahip  was  traveling  les.s  rapidly  ihan  the  groin)  velocity  oi' 
the  waves.  The  wave  helgiit  tiioii  dlmlnlsiied  f'ali’ly  sinootlily 
as  the  wave  passed  along  the  siilp  I'roin  stern  to  bow,  until, 
for  \/l  =  1,  the  wave  amplltuie  at  the  bow  was  some  of 
that  of  the  Incident  wave.  Tiie  tdieoi-y  i)!’edlcted  ^lO'/o. 


At  the  hlghei-  si)eed  K  -  0.  when  'he  ship  speed 
exceeded  the  wave  group  velocity,  the  wave  amiilitude  dimin¬ 
ished  fi’om  tlic  bow,  until, at  the  stern  for  x/l  =  1,  it  was 
some  of  that  of  the  Incident  wave,  compared  with  the 
theoretical  prediction  ol'  2‘jf . 


Thus  the  experiment,  confirms  'he  theoretical  re¬ 
sult  that  in  following  seas  the  trend  of  wave  height  along 
the  ship  reverses  accoi’ding  as  the  ship  speed  is  greater  or 
less  than  the  wave  group  velocity. 

It  is  appropriate  to  discuss,  albeit  only  tenta¬ 
tively,  the  Implication  of  the  predicted  and  observed  wave 
deformation  on  the  calculation  of  exciting  forces  and  moments 
on  a  ship  In  waves.  In  the  first  place.  It  should  be  noted 
that  the  wave  deformation  which  has  to  be  considered  in  this 
connection  is  the  three-dimensional  part,  H3,  only.  The  two- 
dimensional  part,  which  is  also  included  in  the  experimental 
results,  appears  in  the  two-dimensional  calculation  of  ex¬ 
citing  forces  by  the  usual  strip  method  and  so  is  allowed 
for  in  such  calculations.  Considering  the  zero  speed  case, 
for  which  there  is  good  agreement  between  Grim’s  theory  and 
the  present  experiments,  it  seems  reasonable  to  suppose  that 
the  reduction  of  height  as  the  wave  moves  aft  will  lead  to  a 
reduction  in  the  heaving  force,  and  probably  also  in  the 
pitching  moment.  It  would  certainly  be  desirable  to  extend 
the  three-dimensional  computations  to  arrive  at  the  effect 
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oi'  the  wave  defonnai  1  on  on  i.iie  uxcli-li^  l'oi\:t‘;j,  iiov/cvor,  ll 
may  be  remarked  that  there  la  reaaos'.ab le  a,/reenieni  between 
expei'linental  I’eaulta  I’or  exciting  Torcea  and  valuea  calculated 
by  tv/o-dimenalonal  atrip  theory.  It  aeema  not  unlikely  tiiat 
introduction  or  th.e  tiiree-dlmenalonal  el'l'ect  may  upaet  tirla 
agreement  and  call  l‘oi*  I'urther  work  on  tiie  theory.  On  the 
basla  of  Grim’a  theory  and  tlie  pruac-nt  experimental  reaulta, 
one  would  expect  the  '  iiree-dlmeiial  ona  1  effecta  to  reduce  tiie 
exciting  forcea  in  following  aeaa  even  more  tlian  thoae  at 
zero  speed.  However,  tiie  force  meaaurementa  male  by  Geraten** 
for  a  model  vei-y  almllar  to  tiiat  uae  i  In  tiie  present  testa, 
do  not  show  any  large  general  reduction  of  iicavlng  force  In 
following  aeas. 

Althougii  the  two- llmenalonal  atrip  theory  yields 
good  results  In  many  cases,  a  more  complete  iiydrodynamic 
solution  is  required  for  a  better  understanding  of  such 

matters  as  the  Influence  of  changes  in  ship  form  (especially 
of  section  shape)  on  motion,  the  added  resistance  in  waves, 
and  the  tendency  to  slamming  or  wet  decks. 
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In  head  aua;:,  liie  iiulf/i'.l  ol'  Ih-j  Jncldfiil  v/avo 
diminiaiiod  by  ;jo!iie  dO;^'  lu  hiyp  aa  li  i)a.'j;ied  aloiu-^  the  longtii 
of  a  I'ully  i-eatralne  i  inudcl  {‘roin  bov.'  i>o  alern.  in  I’ollov/hig 
acaa,  the  v/ave  lielj^ht  diinlni  ahed  by  aoiiie  hO‘X'  I’roin  a  tern  to 
bow  when  the  ah  Ip  anced  waa  lea  a  ihan  tiie  wave  group  velocity, 
and  from  bow  to  atrrn  w/icn  t die  aiili)  aj)eed  waa  greater  ihan 
the  wave  group  velocliy. 


Tlieae  experimental  reaul 
agreement  with.  Grim’a  th.eoi-et  1  ca  1 
forward  apeeda  In  head  aeaa  there 
wave  height  near  the  bow  which  are 
theory. 


ta  arc  generally  In  fair 
prcllctlona.  However,  at 
are  local  varlatlona  of 
noi.  pi'cdlcted  by  the 
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Further  experl.menta  ahould  be  made  to  examine  in 
more  detail  the  behavior  of  the  wave  near  the  bow,  both  for 
the  present  model  and  for  a  finer  model  similar  to,  say,  the 
Mariner  or  Series  60  (0.60  block).  In  addition  to  wave 
measurements,  movies  should  be  taken  to  show  the  behavior  of 
the  wave  (see  Discussion  of  Results,  p.  9). 

Measurements  of  forces  exerted  by  waves  on  a  ship 
model  should  be  compared  with  predictions  based  on  Grlm*s 
three-dimensional  theory.  Measurement  of  pressures  at  a  few 
locations  on  the  bottom  of  the  model  would  be  valuable  In 
this  connection  (see  Discussion  of  Results,  p.  ll) . 

Measurements  and  computations  should  also  be  made 
of  the  wave  deformation  caused  by  a  model  free  to  pitch  and 
heave.  Pressure  measurements  on  the  free  model  would  be 
valuable,  especially  at  the  location  of  a  Tucker  ship-borne 
wave  recorder. 
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Cony Ideral  Ion  niiould  be  Klven  to  tiie  pony  l.b  1 1 1  ty 
that,  1 1‘  l.arf;;o  vmve  (iel’oi-inallony  oxlyl  near  ilie  bov/  ol'  an 
actual  yhlp,  they  may  bedevil  the  operatloti  ol'  any  ylilp-borne 
v/ave  recorder  utillL^,lng  a  yenyor  at  tlie  bow  (  yee  Dlycuyyion 
of  heyulty  on  p.  9)  . 
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O.Ol" DIAMETER,  0.5" APART 


FIGURE  3.  BRIDGE  CIRCUIT  FOR  WAVE  PROBES 


In  I'M/:';:;.  ‘j-lO,  Iho  oi'dlualcr!  rcpronont,  tho  ratlor; 
oi’  Ihe  local  wave  ainpl  I  t.urior!  Intil  caleci  by  t  he  varlour; 
wave  probes  to  the  aiiipiUude  which  the  wave  would  liave 
if  :1  L  were  not  disturbed  by  the  model. 

The  abscissae  I’epreseiit  the  fore-aud-al't  positions 
of  the  wave  probes  relative  to  the  model,  wliose  position 
is  shown. 

In  each  figure  the  wave  travels  from  right  to  left. 
The  direction  of  movement  of  the  model  Is  Indicated  by 
an  arrow. 

The  transverse  positions  ol‘  the  wave  probes  are 
indicated  thus :  . 

o  —  Line  of  v/ave  probes  l"  from  model  amidsliips 
•  —  Line  of  v;ave  probes  f"  from  model  amidships 


The  positions  of  the  wave  probes  are  shown  by 
similar  symbols  in  Fig.  ^la  above. 

Tails  on  the  symbols  are  useo  where  necessary  to 
distinguish  different  test  runs. 

Curves  are  drawn  as  follows; 

-  To  indicate  trend  of  experimental  results 

To  show  theoretical  values  given  by  Grim: 


Two-  and  three-dimensional 
effects  combined 

Three-dimensional  effect  only 


H 


23 


Fig.  ‘4b.  Explanation  of  Figures  5-10 
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FIGURE  5,  ZERO  SPEED 

FOR  EXPLANATION  SEE  FIG.  4b. 


/amplitude  of 
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F=0.3 

FOR  EXPLANATION  SEE  FIG.  4b. 
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FIGURES.  FOLLOWING  SEAS  X/L  =  I.O 

FOR  EXPLANATION  SEE  FIG  4b. 


WAVE  AMPLITUDE  /  AMPLITUDE  OF  INCIDENT  WAVE 


FIGURE  9.  FOLLOWING  SEAS 
F=O.I 

FOR  EXPLANATION  SEE  FIG  4b. 
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FIGURE  10.  FOLLOWING  SEAS 
F=0,3 

FOR  EXPLANATION  SEE  FIG.  4b. 
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